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Abstract. To meet the increasing demands for air travel in the U.S., the Next-
Gen program is introducing new automation tools and changing the way that 
operators in the National Airspace System perform their jobs.  Air traffic con-
trollers in NextGen will rely on these automation tools to successfully manage 
aircraft in their sector. It is important that these operators be sufficiently trained, 
and that they trust the automation tools. Yet, no research has attempted to di-
rectly train individuals to trust automation. We report on a training study that 
was designed to train novice air traffic controllers to trust the automated tools of 
NextGen in a radar internship course. We then evaluate how the students’ trust 
in automation influenced their performance, workload, and situation awareness. 
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1  Introduction 

The National Air Space (NAS) is introducing new automation technologies and oper-
ating concepts to accommodate a projected increase in air traffic density in the future 
[1].  This revolutionary system, known as the Next Generation Airspace Transporta-
tion System (NextGen), completely changes the way the NAS functions.  The roles of 
air traffic controllers (ATCos) and pilots are likely to change with the introduction of 
new procedures and automation tools.  For example, digital communication, Data 
Comm, reduces the amount of voice communications and allows flight plan changes 
to be transmitted and executed without the need for manual inputs.  Some automated 
tools are being designed to assist with conflict detection and resolution (CD&R), ei-
ther at the request of ATCo, or autonomously. These tools are being developed to 
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decrease ATCo cognitive workload, a known bottleneck in the current NAS, and to 
ensure safe and efficient air travel.  

The success of these automation tools will depend on a number of factors. One  
factor is how these tools will impact operator situation awareness (SA).  SA is the 
operators understanding of a dynamic work environment.  Low SA has been shown to 
play a role in pilot and ATCo operational errors [3]. Although automating tasks pre-
viously performed by humans reduces workload, it can also reduce operator situation 
awareness due to operators being out of the “loop” [2].  Other factors that will affect 
the success of NextGen include training and the attitudes of trained operators toward 
these new tools.  The success of NextGen tools will depend on both novice and expert 
operators being trained to manage traffic with these tools, and in the near term, to 
manage traffic using current day and future NextGen procedures.   

1.1   Trust in Automation 

Several operator factors mitigate the benefits of automation.  Factors such as operator 
acceptance and trust of the new tools and procedures, operator compliance with ap-
propriate use of new rules, and operator complacency, or over-reliance on automation 
can limit the benefits of automation in the workplace [4].   In this paper we focus on 
the impact of trust in automation and whether trust in automation can be trained. 

Although there is no general agreement on the definition of human-machine trust, 
many researchers define it with reference to interpersonal (human-human) trust.  Rot-
ter defines interpersonal trust as an expectancy that an individual has about whether 
they can rely on another’s actions or words [5].  Boon and Holmes define trust as the 
extent to which confident predictions can be made about another’s motives [6].  Muir 
suggests that human-machine trust does not differ largely from human-human trust 
[8].  Muir describes human-machine trust as a person’s expectation that the machine 
will be proficient at what it is designed to do [7]. Accordingly, reliability is one factor 
affecting trust. Rovira and Parasuraman evaluated ATCo performance with automated 
conflict detection tools and found conflict detection was faster and more accurate 
when the tool was 100% reliable [8].  However, imperfect automation degraded con-
flict detection performance, by increasing the number of visual scans on the radar 
display. Moreover, ATCos felt more confident ignoring the automation when its re-
liability was less than 100%.  Performance was also poorer when the automation tools 
missed conflicts as opposed to when the automation tools alerted false conflicts.  

1.2      Training NextGen Automation Tools 

In addition to trust, the success of NextGen will depend on adequate operator training, 
both for expert ATCos, with extensive training and experience with current day  
manual air traffic management and for novice ATCos, who have little air traffic man-
agement experience. Recent research on training methods for NextGen focus on best 
training methods for mixed-equipage airspaces because in near-term NextGen,  
ATCos must be able to manage traffic with manual tools concurrently with NextGen 
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automated decision aids.  Kiken et al., for example, measured training of experienced 
ATCos on NextGen tools [9].  Retired ATCos were trained on a new sector using 
manual skills.  After they were able to manage the traffic in the sector without any 
losses of separation (LOS), they were trained to manage the same sector using two 
potential NextGen tools: trial planner with conflict probes and integrated Data Comm.  
Although training on managing the sector with NexGen tools took roughly the same 
amount of time as training with manual skills, ATCos’ performance was more effi-
cient when they managed all AC using manual tools compared to when either some or 
all of the AC were equipped with NextGen tools.   

Additional research on novice ATCos investigated whether NextGen tools should 
be learned before manual skills (part-whole task method) or learned concurrently with 
manual skills (whole task method) [10].  Student ATCos were tested for their profi-
ciency at managing traffic in scenarios when all AC were NextGen equipped, no AC 
were NextGen equipped, or a mixture of the two.  The results showed that more effi-
cient traffic management occurs after practice with the whole task, especially when 
the student ATCos were lower in proficiency.      

1.3     Training Trust in Automation 

As described above, the success of NextGen automated tools will depend on several 
factors including the operator’s trust in the efficacy of the tools and training methods 
tailored to the experience of the operators.  In the present investigation, we investi-
gated whether trust in automation could be trained in student ATCos completing a 
radar internship course consisting of two lab periods.  One lab group was provided 
with trust training and feedback; the other lab was not.  The effect of this training was 
assessed at the midterm and end of the course.  

2     Method 

2.1    Participants 

Fifteen students (2 female & 13 male) from Mount San Antonio College, an FAA CTI 
Institution, served as participants in this study. They participated in a 16-week radar 
simulation internship held at the Center for Human Factors in Advanced Aeronautics 
Technologies (CHAAT). 

2.2    Materials 

Participants were trained and tested on scenarios using the Multi Aircraft Control 
System (MACS) software [11], which simulated Indianapolis Center (ZID-91).  ZID-
91 traffic flows included overflights, arrivals to, and departures from Louisville  
International Airport.  When the lab was in session, the students served as pseudopi-
lots for each other and during the experiment confederate researchers were used as 
pseudopilots. 
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2.3    NextGen Tools 

This course trained students on three NextGen tools: a trial planner, conflict probes, 
and integrated Data Comm. Conflict probes are background functions of the system 
that use an algorithm to detect conflicts, or potential losses of separation (LOS), with-
in a certain amount of time. The trial planner is used to change an aircraft route within 
the dynamic environment by clicking and dragging on the route, which can be up-
loaded to the aircraft with integrated Data Comm. Data Comm is a digital communi-
cation tool that allows ATCOs to digitally transmit handoffs, frequency changes, and 
various aircraft clearances. 

2.4    Training Procedure 

The radar simulation internship in CHAAT consisted of 3.25 hours of radar simula-
tion lab training and 1.5 hours of classroom lecture each week. A retired, radar-
certified ATCo taught the internship. Students were enrolled in the lecture session and 
one of 2 lab sessions (morning or afternoon).  Students attended the lecture portion 
together and spent the first 8 weeks of the internship learning basic ATM techniques 
such as managing traffic using altitude, speed, heading changes.  In addition, students 
were trained on how to create a structured airspace and communicate with proper 
phraseology. Both lab sessions were trained to use manual and NextGen tools concur-
rently.  Each lab session received a different percentage of equipped aircraft in the 
training scenarios. For the first 8 weeks of the course, the morning lab session re-
ceived training on scenarios with 25% equipped aircraft and the afternoon lab re-
ceived training on scenarios with 75% equipped aircraft. This meant that students in 
the morning lab had more practice with voice and manual skills while students in the 
afternoon lab had more practice with NextGen tools.  An experimental midterm test 
was administered during the eighth week of the internship.  The trust training manipu-
lation occurred after the midterm.  During the last 8 weeks both classes practiced on 
scenarios that had 50% equipped aircraft.  However, the morning class (control 
group) continued to receive normal training and the afternoon class (trust group) was 
provided feedback when they moved a “near-miss” aircraft inserted into the scenarios.  
Near misses were aircraft that came close to the separation minima, but would not 
lose separation, and therefore were not alerted by the automation tools.  Movement of 
these aircraft suggested that the student mistrusted the automated conflict resolution 
tool.  A final experimental test was administered at the 16-week of the internship. 

2.5    Experimental Procedure 

Participants completed the experimental midterm test during the 8th week and the 
final test during the 16th week of the internship.  At the beginning of the internship, 
participants were administered a demographics survey.  The midterm and final exams 
began with a 10-minute warm-up scenario prior to the experimental trials to familiar-
ize participants with the situation awareness-probe technique used in the simulation.  
Following the practice scenario, participants completed four 40-minute experimental 
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scenarios with each scenario containing 0%, 50% or 100% equipped aircraft.  Situa-
tion awareness probe questions were presented to the student controllers using the 
Situation Awareness Present Method (SPAM) [12], beginning 4 minutes into the sce-
nario and at 3-minute intervals afterwards.  These queried the students about informa-
tion such as conflicts, traffic and workload.  The order of scenario presentation and 
probe questions were partially counterbalanced.  At the end of each scenario, partici-
pants completed NASA-TLX and Situation Awareness Rating Technique (SART) 
questionnaires.  For the final exam, the last scenario consisted of 50% equipped air-
craft and a Data Comm failure that was scheduled 10 minutes into the scenario: con-
federate pseudopilots stopped responding to Data Comm messages.  Ten minutes after 
the failure, participants were informed that the Data Comm tool was not operable and 
to use manual communication for the remainder of the scenario.  At the end of the 
final test session, participants were verbally debriefed on their experiences in the  
radar course and during the midterm and final test procedures.   

We evaluated the effectiveness of training by recording the number aircraft moved 
for near-miss conflicts at the midterm and final.  For the final failure scenario, we 
recorded the number of Data Comm messages sent prior to and following the failure 
event. We also evaluated the effect of Trust Training on Workload and Situation 
Awareness because effective automation aids should decrease operator workload 
while maintaining situation awareness. 

3   Results 

Mixed ANOVAs were run on the variables of interest, with the within-subject factor 
Testing Session (Midterm vs. Final) and the between-subject factor Training Method 
(Trust vs. No Trust Training) for the 100% and 50% scenarios.   

3.1     Trust 

Number of Near Miss Equipped Aircraft Moved. The 50%-equipage scenarios 
contained only one near-miss event, making the possibility of finding differences 
between training groups extremely low.  Even in this case, though, a marginally sig-
nificant interaction between training class and test session was obtained, F(1,13) = 
3.55, p = .08, as shown in Fig. 1.  Participants in the Trust Training group on average 
were less likely to move one of the near-miss aircraft pair at the Final test (M = .57, 
SEM = .17) than at Midterm test (M = .86, SEM = .16).  Participants in the No-Trust-
Training group were more likely to move the aircraft pair at the Final test (M = .88, 
SEM = .16) than at Midterm test (M = .75, SEM = .15). 

For the 100%-equipage scenario, only two near-miss events occurred. All main ef-
fects and interactions were nonsignificant, (p’s >.25), but the pattern of results was 
similar to the 50% scenario.   
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Fig. 1. Average Near-Miss equipped AC moved by each training group at the midterm and final 
exam for 50% equipped scenario 

Number of Sent Data Comm Messages. A mixed ANOVA was run on the number 
of Data Comm messages sent before and after the Data Comm failure.  The repeated 
factor was Failure Interval (10 min Before Data Comm Failure vs. 10 min after Data-
Comm Failure) and the between subjects factor was Trust Training (Trust Training vs. 
No Trust Training).  A main effect of Failure Interval was obtained, F(1,13) = 24.7,  
p < .001. Significantly more Data Comm messages were sent after the failure  
(M = 10.1, SEM = 1.2) than before the failure (M = 8.2, SEM = .78).  However, the 
main effect of Trust Training and the interaction between Training and Failure Inter-
val were non-significant (ps > .45).   

3.2     Workload 

NASA-TLX workload scores were analyzed with a three-factor mixed ANOVA.  The 
within-subject factors were Equipage (50% vs. 100%) and Test Session (Midterm vs. 
Final), and the between-subject factor was Trust Training (Trust vs. No Trust).  A 
marginal main effect of Equipage was found, F(1,13) = 4.23, p = .06, such that work-
load was lower for the 100% equipped scenario.  This main effect was modified by a 
significant interaction between Trust Training and Equipage, F(1, 13) = 6.15, p = .03. 
As shown in Fig. 2, the No-Trust- Training group reported higher workload for the 
100% equipped scenarios (M = 42.3, SEM = 5.7) than the Trust-Training group  
(M = 27.7, SEM = 6.1).  For the 50% equipped scenarios, the difference between 
groups was minimal (No Trust: M = 40.9, SEM = 5.9; Trust: M = 42.9; SEM = 6.3). 

Online workload ratings were analyzed similarly, and the interaction between 
Equipage and Trust Training was again significant, F(1,13) = 6.80, p = .02.  Overall, 
the Trust Training group (M = 2.73, SEM = .38) had lower workload ratings for the 
100% scenario compared to the No Trust Training group (M = 4.15, SEM = .35).  For 
the 50%-equipped scenarios, no significant differences in workload were observed. 
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Average NASA-TLX Workload Score: 
Training x Scenario
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Fig. 2. Average NASA-TLX workload scores as a function of equipage for both Training 
groups 

3.3    Situation Awareness 

Mixed factorial ANOVAs were performed on overall SART scores, SPAM probe 
latency and SPAM probe accuracy.   
 
SART Ratings.  A significant interaction between equipage and training was again 
obtained, F(1,13) = 6.08, p = .03.  Participants in the No Trust Training group (M = 
6.71, SEM = .39) showed higher SART ratings than the participants in the Trust 
Training group (M = 5.52, SEM = .42) for the 100% equipped scenarios.  This differ-
ence was not significant for the 50% scenarios. 

SPAM.  For SPAM probe latencies, significant main effects of Test Session, F(1,13) 
= 5.06, p = .04) and training group, F(1,13) = 8.46, p = .01) were obtained.  Overall 
situation awareness improved from Midterm test (M = 15.1 s, SEM =.72 s) to the Fi-
nal test (M =12.9 s, SEM =.71 s).  Moreover, the No Trust Training group had higher 
awareness overall (M =12.4 s, SEM =.73 s) compared with the Trust Training group 
(M=15.5 s, SEM =.78 s).  For SPAM probe accuracy, only a main effect of equipage 
was obtained, F(1,13) = 14.9, p = .002, such that participants were more accurate for 
50% equipage scenarios. 

4  Discussion 

Our main question of interest was whether providing training on trusting automation 
to student ATCos would improve their trust in a NextGen tool for automated conflict 
detection.  Two measures of trust were used: the number of times students moved 
“near-miss” equipped aircraft and the number of Data Comm messages sent after a 
Data Comm failure.  Near-miss aircraft were those that came close to but did not lose 
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separation with another aircraft.  We expected the Trust-Training group to move few-
er of these near misses because they would rely on the automation to alert them of 
actual conflicts. We also expected that the number of Data Comm messages sent fol-
lowing a simulated Data Comm systems error would be higher in the Trust-Training 
group due to the group’s reliance on the technology.   

Unfortunately, the numbers of near misses in our test scenarios were very small.  
For 100% equipage, two near misses were scheduled, and for 50% equipage only one 
near miss occurred.  Given the low numbers of opportunities for observing training 
differences as well as the small sample sizes, the chance of obtaining significant dif-
ferences was extremely low.  Nevertheless we found a marginally significant interac-
tion between test session and training for the 50% equipage scenario, such that more 
students in the No Trust group moved the near-miss aircraft than students in the Trust 
group.  This occurred only at the final exam, which indicates a possible effect of trust 
training. We did not find an effect of Trust Training on the number of Data Comm 
message sent after the planned failure.  Regardless of training, both groups sent more 
messages following the failure (possibly to the same aircraft).   

If trust training was effective, then workload for the Trust Training group should 
be lower; accordingly, the Trust-Training group reported lower workload than the No-
Trust Training group did, but only for the 100% equipage scenarios.  Possibly, when 
all aircraft are equipped, the No Trust group persisted in using manual scanning skills 
despite the fact that the automated conflict detection and resolution tool was 100% 
reliable.  For the 50% equipage scenarios, no differences in workload were reported.  
This also explains why students in the No Trust Training group reported higher situa-
tion awareness for the 100% equipage scenarios based on SART post-run rating 
scores.  For SPAM probe latencies, the interaction was non-significant, but the main 
effect of training indicated that the No-Trust groups had higher awareness.   

5 Conclusion 

Students in the trust lab reported lower workload and lower situation awareness for 
100% equipage scenarios.  We also found that students in the Trust Training group 
tended to be less likely to move a near-miss aircraft.  Note also that our trust interven-
tion was minimal, consisting only of additional practice on NextGen tools early in the 
semester and feedback when a near-miss aircraft was moved in the second half of the 
semester.  These results, although preliminary, indicate that training trust in automa-
tion needs to be researched further.  These findings were based on student controllers, 
with little-or-no previous radar experience in air traffic control.  Experienced control-
lers could be less affected by training trust in automation [13]. 
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